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1. | nt roducti on

This cal culation nethod is used for evaluation of in vitro enzyne
i mmunoassays (EIA or ELISA) in serial release testing of
veterinary vaccines. The nethod conpares a reference vaccine
(reference) and the serial being tested (serial) by a parallel
line, relative potency (RP) nethod. The reference shall be a
serial of product produced per a filed Qutline of Production or a
purified reference consisting of only the agent, a subunit of the
agent, or a nonadjuvanted harvested culture of m croorgani sns.
The reference shall be an Aninmal and Plant Health I nspection
Service (APH S) approved reference that has been directly or
indirectly correlated to a host animal efficacy trial in which
sufficient protection was elicited to pass the m ni num

requi renents set by APHI'S for the agent being tested. The test
met hods vary, but each shall be an in vitro antigen quantitation
met hod approved by APH S.

The eval uation determ nes regression segnents for al

conbi nations of 3 or nore consecutive dilutions for both the
reference and the serial. The optical density (OD) (inverse

| og,q of transmttance), w thout transformation, and the natural
log (log., approximating log,) of the dilution are used in the
calculations. A correlation coefficient, r, is calculated for
each line to neasure the goodness of fit. Each line is eval uated
by a t-test to determine if the slope is significantly different
fromO. Lines not neeting mninumcriteria for goodness of fit
and sl ope are considered invalid and are not used in further

cal cul ations. All possible conbinations between valid regression
lines of the reference and the serial are conpared for
parallelism An average slope is calculated for conbinations of
lines that are considered to be parallel.

A wei ghted scoring system awards regression |ines that have a
hi gh correlation coefficient and a high t-test val ue.

Conbi nations of valid |lines are also rewarded for steepness of

sl ope and slope ratios closest to 1. The relative potency val ues
of the 3 highest total scores are used in determining if a serial
has a greater antigen content than the reference.
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2. Materials
2.1 Equi pnent/instrunentation
2.1.1 In vitro enzyme i munoassay test results
2.1.2 Conputer software program (optional)

A conputer software programutilizing the paranmeters
detailed in this Suppl enental Assay Method is avail able from
the Center for Veterinary Biologics-Laboratory (CVvB-L). The
software is witten in the Qui ckBASI C programm ng | anguage
for an 1BMor |IBM conpatible conputer using the DOS
operating systemand is supplied as a conpil ed, executable
program Appendi x A may be used to request the software.
Please limt the nunber of copies supplied by the CVB-L to

1 copy per conpany site. Additional copies of the program
can be made for use and distribution within the conpany.

Pl ease refer any request for the software from outside of
your firmto the CvB-L. This will help the CVB-L to
maintain a list of users of the programin the event

addi tional nodifications or upgrades need to be distributed.

2.1.3 Instrumentation for cal cul ati on

A hand-hel d cal cul ator may be used when manual |y
cal cul ati ng.

When using the optional conputer software, an | BM or
| BM conpati bl e conputer with the foll owm ng m ni nrum
requirenents i s required:

2.1.3.1 Version 3.1 or higher of the Mcrosoft disk
operating system (DOS)

2.1.3.2 A 5.25" floppy drive capable of reading 360K
disks or a 3.5" floppy drive able to read 720K di sks.

2.1.3.3 A nonochrone, CGA, EGA or VGA video system

3. Preparation for the test
3.1 Personnel qualifications/training
Personnel shall be famliar with enzyne-1linked i nmunoassays.

| f using the optional software, a mninml know edge of
personal conputers and data entry is required.
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3.2 Preparation of equipnent/instrunentation-conputer
cal cul ations (optional)

3.2.1 The optional programallows from3 to 11 consecutive
dilutions and up to 10 replicates of each dilution for both
the reference and the serial. A reference and up to 5
serials can be conpared. The option to renove outliers is
avai l able. The programallows entry of a mninmm OD and a
m ni mum sl ope value. Values |ess than these m ninuns are
not used in calculations. Provision is nade for identity of
reference, serial, testing information, and date. The
results are printed with these identifiers. A graphic
representation of the reference versus the serial 1s

avail abl e for viewing or printing.

4. Performance of the test - cal culation nethod
4.1 Lines fromall possible conbinations containing 3 or nore
consecutive dilutions for both the reference and the seri al
are evaluated by a sinple linear regression of Y on X

Y= $X

wher e:

popul ati on paraneter for the Yintercept

&+
[

popul ati on paraneter for the regression
coefficient (sl ope)

X =log, of the dilution

natural |log of the dilution

[ n(dilution)
Y, =QODfor dilution, X

If a mninmm OD val ue greater than 0.05 has been established
for the test assay, then all OD values |less than the m ni mum
shoul d be considered invalid and not used in further
calculations. Oherwi se all values |less than 0.05 are

consi dered invalid.
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approximation of $ is obtained by b:

SS

XX

wher e:

b = slope of the regression |ine

SS,, = sumof squares for the cross product

= 55 5; Xi—Y)(Y1—§3

[

SS

XX

sumof squares for X

X2 zn:(xi_X)Z

i=1

Pﬂ:

I
[

n = nunber of dil utions

X
I

X
X

<
I

<
|

<

= (x| _X)(Yi _V)

X = mean of the observed dil utions

I f a m ninmum sl ope val ue has been established for the test

assay, then al

cal cul ati ons.

_ lines with slope values |ess than the m ni mum
are considered invalid and are not used in further
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The best approxi mation of *

is obtained by a, which can be
derived by substitution

wher e:

a =Yintercept

4.2 The sign of the slope of the Iine characteristic for the
type of assay being conducted is determ ned. For indirect
ElI A, capture EIA etc., the slope is expected to be negative
(i.e., with increasing dilution [decreasing antigen] the OD
wi |l decrease). For a conpetitive EIA the slope is expected
to be positive (i.e., a greater O will occur with increasing
dilution). Al lines wwth signs other than expected are
considered invalid and are not used in further cal cul ations.

4.3 Wen 3 or nore replicates of each dilution are conducted,
data points that exceed plus or mnus 2 standard devi ations
(x2 SD) fromthe nmean can be renoved as outliers:

Y,. = sanpl e nean of Y for adilution

SD, = standard deviation of Y for adilution

r]I'
n (ZY”.)Z
ZYizj - A2
-1

n
\ nr—l

r

n. = nunber of replicates for a dilution

Yij =the ODfor eachreplicate for a dilution

outliers =any replicate outside of the range Y, +2 SD,
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Qutlier renoval is optional, but if any outliers are renoved,
then all outliers neeting the criteria shall be renoved for
all dilutions. If nore than 40% of the replicates for a
dilution are renoved as outliers, then that dilution shall not
be used in further calcul ations.

4.4 The correlation coefficient is determ ned for each |ine:

r2 = coefficient of determ nation
r =correl ation coefficient

SS, = sumof squares fromthe regression

R

(SS,)?
S

XX

SSyy = sumof squares for Y

= zn:in = Zn:(Yi _7)2

i=1 i=1

Lines with an r value less than 0.95 (r <0.95) are considered
invalid and are not used in further cal cul ati ons.
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4.5 Each line is evaluated for having a slope significantly
different fromO

wher e:

t =t -val ue

SS. = sumof squares for lack of fit
(experinental error)

- Ss,, - SS;

The t-value is conpared to a val ue obtained froma standard
t table. The t-value for conparison is determned at the
5% significance level wth one-tail and n-2 degrees of
freedon1(ta05(n2)). Al'l lines with nonsignificant t-test
val ues are considered statistically equal to O and invalid.
Those lines are not used in further cal cul ations.

4.6 Al valid lines are evaluated for an r-value greater than
or equal to 0.98 (r>0.98) and for a t-value at the
1% signi ficance level with one-tail and n-2 degrees of

freedon1(tQ0L(nQ))_ A score is then assigned:
Si gni ficance
| evel
for t-test r-val ue Scor e
>0. 01, <0.05 >0. 95, <0. 98 0
>0. 01, <0. 05 >0. 98 2.5
<0.01 >0. 95, <0. 98 2.5

<0.01 >0. 98 5
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4.7 The ratio of the slopes for all possible conbinations of
1 valid line fromthe reference and 1 valid line fromthe
serial are conpared by:

b b
slope ratio = smaller slope _ “r s
| arger sl ope be b
wher e:
b, = slope of the line for the reference

O
Il

sl ope of the line for the serial

Combi nati ons having slope ratios | ess than 0.80 (<0.80) are
consi dered nonparallel and are not used in further
cal cul ati ons.

4.8 Each valid conmbination of 1 line fromthe reference and
1 line fromthe serial is assigned a score based on the
cl oseness of the conbination's slope ratio to 1

Sl ope Ratio Score
>0. 98 10
>0.96, <.98 9
>0.94, <.96 8

>0. 92, <.94 7
>0.90, <.92 6

>0. 88, <.90 5

>0. 86, <.88 4

>0. 84, <.86 3

>0. 82, <.84 2

>0. 80, <.82 1



CVB/ NVSL MVSAMD318. 01
Testing Protocol Page 11 of 16

Suppl emrent al Assay Method for Evaluation by the Relative Potency Method of
In Vitro Enzynme | mmunoassays Used in Testing of Veterinary Vaccines

4.9 For each valid conmbination of 1 line fromthe reference
and 1 line fromthe serial, a comon, or average, slope is
determ ned by:

SS,x7SSs

b - xR TTxys
¢ SS _+SS

XXR XXS

wher e:

b = common sl ope

Cc

stR::sunwof squares of cross products for the
reference

SSWs::sunwof squar es of cross products for the
seri al

SS,.r = sumof squares of X for the reference

SS,,s = sumof squares of X for the seri al

Val id conbi nations are ranked by the absol ute value of the
common sl ope (absolute value of b, = |b,) from highest to

| onest. The top 10 conbi nati ons are assigned scores from

20 to 2 based on their rank, with the conbination having the
st eepest sl ope being assigned a score of 20 and each
subsequent conbination with | ess sl ope being assigned a score
according to twice its rank (i.e., 2 tinmes the rank = 18, 16,
14...). In cases where 2 or nore slopes within the

10 steepest slopes are equal, a score of twice the average of
the ranks is assigned to each of the conbinations involved. A
score of O is assigned to slopes not within the top

10 steepest sl opes.
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4.10 For each valid conbination of 1 line fromthe reference
and 1 line fromthe serial, an RP is cal cul ated by:

— Y, - Yy .
log (RP) = (X - X)) - -JiB__E for negative sl ope assays
C
or
— \AERA o
= (X5 -X) - —5 for positive sl ope assays

C
RP = antilog [l 0g,(RP)]
wher e:

l og (RP) = natural log of the RP

RP =rel ative potency

X, = mean of X for the seri al
X, = mean of X for the reference
Y, = mean of Y for the seri al
Y, = nean of Y for the reference

ps)

Interpretation of the test results

5.1 Al scores for each valid conbination consisting of

1 line fromthe reference and 1 line fromthe serial are
totaled. The scores will range fromO to 40. The relative
potencies for the top 3 total scores (or all RP values if
there are less than 3 valid conbinations) are used to
determine if a serial has greater antigen content than the
reference. If valid line conbinations with the sane tota
score occur within the top 3 scores, the RP value of all Iines
with the sane score are reported. For a serial to be
satisfactory, any 1 of these top scores nust have an RP
greater than or equal to the required m nimumcontained in a
filed APHIS Qutline of Production or special outline for the
product being tested. The highest RP of the top scores shal
be considered the RP value for reporting purposes.
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5.2 Testing criteria

5.2.1 Testing criteria shall be per the Code of Federal
Regul ations (9 CFR 113.8.c). A test that results in no
valid lines is considered a “no test” and may be repeat ed.
An initial test that results in valid lines that are not
parallel is considered a valid equivocal test. Release of
the serial nmay not be based on such test since the result
cannot be terned “satisfactory” or “unsatisfactory.”
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Test results and interpretation:

Test 1 Test 2 Test 3 Test 4 9 CFR
(retest 1) (retest 2) (retest 3) Resul t Ref erence

1 >RP SAT 113.8.c.3
2 <RP >RP >RP SAT 113.8.c. 5.
3 <RP >RP EQUI V >RP SAT 113.8.c. 5.
4 <RP >RP EQUI V EQUI V NER 113.8.c. 5.
5 <RP >RP <RP UNSAT 113.8.c. 5.
6 <RP EQUI V <RP UNSAT 113.8.c. 5.
7 <RP EQUI V >RP >RP SAT 113.8.c. 5.
8 <RP EQUI V >RP EQUI V NER 113.8.c. 5.
9 <RP EQUI V EQUI V NER 113.8.c. 5.
10 <RP <RP UNSAT 113.8.c. 5.
11 EQUI V >RP SAT 113.8.c. 4.
12 EQUI V EQUI V >RP SAT 113.8.c. 4.
13 EQUI V EQUI V <RP NER 113.8.c. 4
14 EQUI V EQUI V EQUI V >RP SAT 113.8.c. 4. i
15 EQUI V EQUI V EQUI V <RP NER 113.8.c.4.1i
16 EQUI V EQUI V EQUI V EQUI V NER 113.8.c. 4.
17 EQUI V <RP >RP >RP SAT 113.8.c. 4.
18 EQUI V <RP >RP <RP UNSAT 113.8.c. 4.
19 EQUI V <RP >RP EQUI V NER 113.8.c. 4.
20 EQUI V <RP EQUI V NER 113.8.c. 4.
21 EQUI V <RP <RP UNSAT 113.8.c. 4.

RP = rel ative potency EQUI V = equi vocal test

SAT = satisfactory test UNSAT = unsatisfactory test

NER = not eligible for release (see provision in 9 CFR 113.8 for

eval uation of test protocol and approval for retesting)
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6. Report of test results

Test results are reported as “satisfactory,” “unsatisfactory,”
“no test,” or “not eligible for rel ease.”

7. Ref er ences

7.1 Finney, D.J. Quantitative dose-response rel ations.
Statistical Method in Biological Assay, 3rd ed. London:
Charles Giffin & Co, 1978: 39-68.

7.2 Neave HR Statistics tables for mathemati ci ans,

engi neers, econonm sts and the behavioral and managenent
sciences. Boston: George Allen & Unw n, 1978. (Several
simlar references containing statistical tables are avail able
and are equival ent.)

7.3 Finney, D.J. Parallel line assays. Statistical Mthod
in Biological Assay, 3rd ed. London: Charles Giffin & Co,
1978: 69- 104.
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Appendi x A
SAM - 318

TO Director’s Ofice
Center for Veterinary Biologics-Laboratory
P. 0. Box 844
Ames, | A 50010

Pl ease send a copy of the U S. Departnent of Agriculture,
Veterinary Biologics Programs Rel ative Potency Cal cul ation
Software to:

Firm

Nane:

Addr ess:

Person using the program and designated to receive upgrades
if different from above:

Nane:

Addr ess:

Comput er floppy disk size desired (sel ect one):
[J 5.25" 360K floppy disk

O 3.5" 720K fI oppy di sk



